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Background It has been suggested that echocardiographically determined left ventricular mass (LVM) is useful in the prediction of hypertension. To examine the relation between LVM and subsequent blood pressure (BP) change, a 6-to 8-year follow-up was conducted in adult Japanese men.
Methods and Results LVM was determined by M-mode echocardiography using the American Society of Echocardiography formula among 354 normotensive men aged 30 to 59 years from a rural community (n= 193) and from urban companies (n= 161) in Japan between 1979 and 1983. BP was remeasured 6 to 8 years after baseline in 148 rural men (77%) and 127 urban men (79%). For men whose BP was remeasured, the mean+SD LVM index (LVM/body surface area [g/m2] ) at baseline was 117±22 in rural men and 99+15 in urban men (the difference, P<.001). For both populations, LVM index was positively associated with age and physical activity but not with body mass index. Associations of LVM index with usual alcohol intake and initial BPs were generally weak. According to linear regression analyses after controlling for these covariates at baseline, a 20-g/m2 greater LVM index at baseline was associated with a 5 mm Hg increase in systolic and a 4 mm Hg increase in diastolic BP during the subsequent 6 to 8 years for urban men. A 1-mm greater average ventricular wall thickness was associated with a similar BP increase. For rural men, positive associations of LVM index with BP increase existed but were weak. The weaker association between LVM index and BP increase in rural compared with urban men was probably the result of effects of higher physical activity, leading to a larger left ventricular internal dimension. The increase in systolic and diastolic BPs over the 6 to 8 years of observation was significantly related to baseline LVM index in rural and urban men with a smaller internal dimension (rural men, <49 mm; urban men, c47 mm) but not in those with larger dimensions.
Conclusions An increased LVM index predicts subsequent BP increase in middle-aged normotensive men in the presence of a normal or small internal dimension. (Circulation. 1994; 89:1717 -1724 Key Words * echocardiography * blood pressure a left ventricle It is well known that left ventricular hypertrophy is an important prognostic factor of hypertensive sequelae.1 Recent epidemiological studies have demonstrated that echocardiographically determined left ventricular mass (LVM) is associated significantly with subsequent cardiovascular disease in hypertensive persons,2'3 the elderly,4'5 and adults.6 However, the implication of a larger LVM in normotensive persons has not been widely examined. The Muscatine study showed that a higher LVM in normotensive children predicted an increase in blood pressure over 4 years, independent of the initial blood pressure at rest or during exercise.7 A study of normotensive adults in an employed population also showed that LVM predicted the development of hypertension during the 3-to 6-year follow-up.8 These studies suggest the usefulness of LVM measurement for the early prediction and control of hypertension. To examine the usefulness of LVM measurement in Japanese adults, a 6-to 8-year follow-up study was conducted among middle-aged normotensive men in rural and urban populations. We also examined which components of LVM, ie, left ventricular wall thickness or end-diastolic internal dimension, were more predictive of future blood pressure changes.
Methods Surveyed Populations
To investigate the relation between LVM and subsequent blood pressure changes, we examined a total sample of 354 normotensive men aged 30 to 59 years from two neighboring rural communities in Akita, northeast Japan (n=193), and urban companies in Osaka (the second largest city in Japan) (n=161) at baseline between 1979 and 1983. Normotension was defined as men with systolic blood pressure of less than 140 mm Hg, diastolic blood pressure of less than 90 mm Hg, and no medication use for hypertension. Persons with abnormalities in their resting ECG or a history of coronary heart disease, congenital heart disease, or cardiomyopathy were excluded.
After 6 to 8 years from the baseline, blood pressure was measured again for 148 rural men and 127 urban men to estimate blood pressure changes. Of these, 6 rural men and 2 urban men had started antihypertensive medication during the 6 to 8 years, so they were included in the analyses. Exclusion of these men, however, did not alter the results.
There were 45 rural men and 34 urban men who did not participate in the follow-up survey for blood pressure remeasurement. Among rural men, younger men were unlikely to attend the follow-up survey, probably because they worked for companies and had health examinations at their work site. Rural men who had their blood pressure remeasured were 4 years older and had an LVM index that was 10 g/m2 higher (P<.01) than those without remeasurement, but there was no difference in mean values of body mass index and alcohol intake or in job distribution between the two groups. However, the adjustment for age resulted in no difference in mean LVM index between men with and those without remeasured blood pressure. Thus, it appears that the follow-up participants were biased solely to an older age group but not biased to an "unhealthy" group. We consider that such age bias is unlikely to substantially affect the results. For urban men, nonparticipation in the follow-up examination was mostly the result of job resignation or retirement. There was no significant difference in mean values of age, LVM index, and other baseline variables between men followed and men not followed. index, ventricular wall thickness and internal dimension with age, body mass index, usual alcohol intake, physical activity status, blood pressure at baseline, and 6-to 8-year blood pressure changes were examined. Changes in blood pressures, body mass index, and alcohol intake during the 6-to 8-year follow-up in rural and urban men were tested by two-way ANOVA for repeated measures. Associations of these echocardiographic variables with subsequent blood pressure changes were also examined by computing mean systolic and diastolic blood pressures stratified by LVM index, ventricular wall thickness, and end-diastolic internal dimension. These univariate associations in two population samples were tested by two-way ANOVA, followed by multiple comparisons.
Measurement of LVM
A multiple linear regression model was used to test whether these echocardiographic variables were associated with blood pressure changes after controlling for age, body mass index, alcohol intake, physical activity status, and blood pressure levels at baseline. To examine whether the association of LVM index with blood pressure change varies by the level of internal dimension, the regression analysis was done for men with smaller and larger internal dimensions split at the median of each sample. The interaction of dichotomous internal dimension by LVM index for blood pressure change was also tested. All P values for evaluation of statistical significance were two-tailed.
Results
Baseline characteristics of the 148 rural and 127 urban men aged 30 to 59 years are given in Table 1 . Mean age was 42 years in each population. Mean height and body surface area were lower in rural men than in urban men, whereas mean weight and body mass index did not differ between the two groups. Mean heart rate was lower in rural men than in urban men. Mean diastolic blood pressure was slightly lower in rural men than in urban men, whereas mean systolic blood pressure did not differ. Usual alcohol intake was higher in rural men than in urban men. Two thirds of rural men were heavy manual workers or farmers, whereas one half of urban men were heavy manual workers. Echocardiographic variables relating to the left ventriclemean values of posterior and septal wall thicknesses and end-diastolic and systolic internal dimensions-were larger in rural men than in urban men. No difference was found in relative wall thickness between rural and urban men. Mean LVM and LVM index were larger in rural men than in urban men.
Distributions of LVM index for rural and urban men are presented in the Figure. LVM index was normally distributed for both populations. The distribution for rural men is clearly shifted to the right compared with that for urban men. The proportion with an LVM index equal to or more than 130 g/m2 was 26% in rural men and only 2% in urban men (P<.001). Table 2 gives Spearman correlation coefficients of LVM index, ventricular wall thickness and end-diastolic internal dimension with age, body mass index, usual alcohol intake, initial blood pressures, physical activity status, and blood pressure changes. For both rural and urban men, the LVM index was positively correlated with age and high physical activity but not with body mass index. Correlations of LVM index with usual alcohol intake and initial blood pressures were weak. A positive correlation of LVM index with changes in systolic and diastolic blood pressures was significant for urban men but not for rural men. Wall thickness was positively correlated with age, body mass index, and 
P<.001).
A rural-urban interaction with ventricular wall thickness was significant for both systolic and diastolic blood pressure changes (both P<.01). No significant association was found between end-diastolic internal dimension and blood pressure changes in either rural or urban men. To examine whether the association between LVM index and blood pressure change varies according to the level of end-diastolic internal dimension, the regression analysis was conducted in smaller and larger internal dimension groups, split at the median of each sample (Table 6 ). Heavy manual workers or farmers comprised 59% in the small internal dimension group and 78% in the large internal dimension group for rural men (the difference, P=.02). The respective proportion in urban men was 45% and 61% (P=.12). Adjusted systolic and diastolic blood pressure changes were significantly different from zero in the smaller internal dimension group but not in the larger internal dimension group for both rural and urban men. This interaction was more evident in rural men than in urban men. The interaction term of dichotomous internal dimension by LVM index for blood pressure changes was statistically significant in rural men for both systolic and diastolic blood pressure (both P<.001). For urban men, the interaction was of borderline significance (P=.07) for systolic blood pressure and of no significance (P=.17) for diastolic blood pressure.
Discussion
LVM index was positively associated with an increase in blood pressure after 6 to 8 years of follow-up of middle-aged Japanese men. The positive association was more evident for urban men than for rural men. For urban men, the association remained significant after controlling for body mass index and usual alcohol intake. A 20-g/m2 greater LVM index was associated with a 5 mm Hg larger increase in systolic blood pressure for urban men and with a 2 mm Hg increase for rural men. The respective increase in diastolic blood There are two interpretations of the association between LVM index and subsequent blood pressure increase in these normotensive adults. One is that increased LVM occurs before the development of hypertension. Animal studies using spontaneously hypertensive rats indicate that left ventricular hypertrophy precedes the development of hypertension and suggest a role of genetics in left ventricular hypertrophy.12,13 Human offspring studies support this hypothesis, showing that left ventricular mass is more similar in monozygotic than in dizygotic twins.14 Environmental factors such as high physical activity,15-19 high alcohol intake,20 and high sodium intake21,22 may also increase LVM. An alternative explanation is that an increased LVM is an end-organ effect of a slightly increased level of blood pressure during daily activities, misclassified as normotension by resting blood pressure measurement. A single resting blood pressure has low reliability, and LVM could be contributing to improved blood pressure measurement and less misclassification. Several studies have indicated that LVM is more strongly associated with mean levels of blood pressure estimated by 24 -hour blood pressure recording compared with resting blood pressure estimated by the conventional method. 23, 24 Another possibility is that men with a higher LVM index have had higher blood pressures in the normal range or of longer duration.
Rural men showed greater LVM index, end-diastolic internal dimension, and ventricular wall thickness than urban men. Furthermore, rural men had a lower heart rate and a similar relative wall thickness compared with urban men. These results suggested that the larger end-diastolic internal dimension in rural men may be compensation for lower heart rate and that the wall thickness may increase to normalize wall stress. During the follow-up, rural men showed a larger increase in blood pressure levels than urban men. The larger blood pressure increase may be related to the larger mean LVM index. However, a higher alcohol intake and a higher sodium intake in rural men may be other factors directly associated with the larger blood pressure increase. According to our later study,25 average sodium intake as assessed by 24-hour urinary sodium excretion among men aged 40 to 59 years was 6.1 g in rural men and 4.9 g in urban men in 1982 to 1983.
Why do rural men have a larger LVM level than urban men? It is well known that physically active persons or athletes have a larger LVM than sedentary persons.15-17 We previously reported that the left ventricular wall thickness and end-diastolic internal dimension of normotensive men were higher in rural men than in urban men and inferred that this difference was the result of higher physical activity-isotonic (aerobic) and/or isometric activities-in rural men.18 In this study sample, two thirds of the rural men were heavy manual workers or farmers, whereas one half of the urban men were heavy manual workers. For this Japanese population, physical activity was determined predominantly by activity at work but not at leisure time because most Japanese men did not have leisure-time activity until recently. Thus, job classification is considered to be useful in estimating individual physical activity. Our recent study indicated that caloric expenditure estimated from a 24-hour physical activity self-record and maximal oxygen uptake estimated from an ergometer exercise test were highest in heavy manual workers and farmers, intermediate in light manual workers, and lowest in executives, professionals, and clerical workers. 26 The study also demonstrated that rural men had a higher average caloric expenditure and a 20% higher maximal oxygen uptake than urban men. 26 The higher alcohol intake of rural men than urban men could be another factor in the difference in LVM index between the two populations. The Framingham Heart Study20 indicated that alcohol intake was weakly but significantly associated with LVM after controlling for age, smoking, height, body mass index, and blood pressure in men. We also found a weak correlation. A higher sodium intake in rural men than in urban men could be another factor. Sodium intake has been reported to be one of the correlates of LVM,2122 and dietary sodium restriction resulted in decreased LVM in hypertensive men. 27 An unique finding of the present study is that the association of LVM index with blood pressure change was mostly the result of the association of left ventricular wall thickness but that the association was modified by end-diastolic internal dimension. It is complex that rural men, who had a larger average tion was correlated with end-diastolic internal dimen-LVM index and a larger average blood pressure insion for both rural and urban men and with ventricular crease, had a weak association between individual LVM wall thickness only for urban men. Our recent study29 index and blood pressure change. We hypothesized that showed that physical activity estimated from a 24-hour "relatively eccentric ventricular hypertrophy," which is self-record and maximal oxygen uptake estimated from more likely to be associated with aerobic activity, weakbicycle ergometer both were positively associated with ens the association of LVM with blood pressure. If this end-diastolic internal dimension but not with ventricuinference is true, we would obtain stronger associations after excluding those with "relatively eccentric ventricular hypertrophy." When the analysis was conducted excluding men with a larger internal dimension, the association of LVM index with blood pressure increase became stronger and statistically significant for rural men. Furthermore, when we excluded men whom we presumed were physically active based on job classification, a stronger and significant association was also obtained.
Although it is uncertain whether increased LVM is a cause of hypertension, the present study indicates that an increased LVM index, primarily the result of increased ventricular wall thickness, predicts subsequent blood pressure increase in middle-aged normotensive men in the presence of a normal or small end-diastolic internal dimension.
